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Abstract: Mating behavior has been described for very few species of penaeoid shrimps. We describe some of 
the environmental conditions under which mating of Litopenaeus vannamei took place in the ocean, as inferred 
by the presence of attached spermatophores on the thelycum of females, combined with the presence of mature 
males with empty ampulla terminalis, both evidence of recent copulation. Out of a total of twelve 24 hr sam-
plings on board the research vessel B/O “EL PUMA”, one was selected to examine mating. There were four 
periods of observation. The highest frequency of females with attached spermatophores were found during the 
daytime whilst the lowest was registered during the night. Females with attached spermatophore were mostly at 
stages IV and V of ovarian maturity and fell within the 30 – 50 mm of C.L. range. Copulating male size ranged 
between 30 and 40 mm of C.L. and there was a close relation between the percentage of mating females and 
males. Male to female ratio varied throughout the sampling period but it was never 1:1. The female mean size 
was, in all cases, bigger than the male mean size. Among the environmental factors, salinity and oxygen varied 
very slightly throughout the sampling period; temperature variation was more pronounced and those changes 
were attributed to the tidal oscillation. Rev. Biol. Trop. 55 (1): 189-198. Epub 2007 March. 31.
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One of the topics regarding the reproduc-
tive biology of penaeoid shrimps which has 
received relatively little attention is copulation. 
Mating behavior has been described for very 
few species such as Sicyonia dorsalis (Bauer 
1992), Marsupenaeus japonicus (Hudinaga 
1942), Litopenaeus stylirostris (AQUACOP 
1979), Penaeus monodon (Primavera 1984), 
Farfantepenaeus paulensis (Brisson 1985) 
F. brasiliensis (Brisson 1986), L. vannamei 
(Yano et al. 1988, Misamore and Browdy 
1996) L. setiferus (Misamore and Browdy 
1996). Naturally, all of these observations have 
been made under laboratory conditions, since 
actual observation in the wild would impose 
many technical difficulties.

Received 23-IX-2005.        Corrected 31-VII-2006.       Accepted 15-XI-2006.

Likewise, milieu conditions at mating, 
have also been studied under captivity condi-
tions; Robertson et al. (1991) reported that L. 
stylirostris matures and mates more readily at 
the 27-29 °C temperature range, although they 
observed that albeit rare, it may also mate at 
20 °C. Yano et al. 1988 described the mating 
of L. vannamei, and the prevailing condi-
tions, mainly temperature range, light regime, 
light intensity, sex ratio and ovarian develop-
ment; salinity was not specifically mentioned 
although it was referred to as filtered seawater; 
Ogle (1991) performing a survey on the pre-
vailing conditions in shrimp hatcheries, found 
out that most laboratories kept their brood 
stock at temperatures between 27 and 29 °C, 
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and salinities between 28 and 32 ‰ for matur-
ing and mating purposes.

The aim of this paper is to contribute to 
the knowledge on penaeoid shrimps reproduc-
tion and to describe some of the environmental 
conditions under which mating of Litopenaeus 
vannamei took place in the ocean, as inferred 
by the presence of attached spermatophores 
on the thelycum of females combined with the 
presence of mature males with empty ampulla 
terminalis, both evidence of recent copulation 
(Yano et al. 1988).

 

MATERIAL AND METHODS

Out of a total of twelve nictemeral sam-
plings on board the 50 m long Research vessel 
B/O “EL PUMA” (BIOCAPESS Project), at 
a location off the southern coast of Sinaloa, 
Mexico (23°04’18” N and 106°19’6” W) one 
was selected, that of 29-30 June 1992 (new 
moon phase) because of the occurrence, by far, 
of the highest numbers of individuals showing 
signs of recent mating. The parameters regis-
tered by means of a CTD were temperature, 
salinity, oxygen and depth. Oxygen was also 
determined by Winkler’s method with three 
replicates performed at three levels in the water 
column. Shrimps were collected by means of a 
commercial net similar to those used by shrimp 
trawlers (22.9 m head line, with a progres-
sively reducing mesh size from 6.4 cm on the 
body to 3.8 cm at the cod end). Sampling was 
scheduled for approximately every 6 hr. Upon 
hauling, after about 1 hr trawling at an average 
speed of 4.5 km/hr, shrimps were sorted from 
the catch, identified, sexed and frozen at –10º 
C for further study; special care was given to 
females with spermatophores on the thelycum. 
In the laboratory, carapace length of speci-
mens was measured from the orbital margin 
to the posterior edge of the same using digital 
calipers to the nearest 0.05 mm and the weight 
of individuals was determined to the nearest 
0.1 g. Dissection of the gonadic area allowed 
the visual estimate of the ovarian maturation 
without resorting to microscopical sectioning, 

following the criterion of King (1948), Tuma 
(1967), Croccos and Kerr (1983), Dall et al. 
(1990), who, for convenience, have divided 
the maturation process into five stages, i.e., 
I, immature (ovarian lobes translucent and 
smaller in diameter than the gut); II, develop-
ing (ovarian lobes opaque, pale yellow-colored 
and with a diameter similar to that of the 
gut), III, advanced (Ovarian lobes yellowish 
and larger in diameter than the gut); IV, fully 
mature (ovarian lobes occupying entire part of 
the cepahalothorax cavity, strong lemon yellow 
color; and V, spawned (lobes flaccid and con-
voluted with ova remains). Even though there 
are recent studies in penaeids that combine 
stages advanced (III) and matured (IV) into one 
leaving thus four ovarian stages, Palacios et al. 
1999, Dumont and D’Incao 2004, other stud-
ies also report the utilization of the five stages 
criterion (Salazar and Gracia 1998). Females 
were separated in class intervals to determine 
the size range at which mating was more fre-
quent. Males were examined at the coxa of the 
fifth pereopod to verify whether they presented 
ampula terminalis with retained (milk-like 
colored) or ejected spermatophore (translucent) 
at a molt stage other than final pre-molting D2- 
D4 (Ro et al., 1990, Heitzmann et al., 1993; 
Rendon-Rodriguez, 1996.) 

Tide information for the area (Mazatlan) 
was obtained from prediction tables for 1992 
(UNAM, 1991). 

RESULTS 

Tidal variation covering the sampling peri-
od is shown in Figure 1. Arrows indicate the 
times when samples were taken. This region is 
characterized by a mixed predominantly semi-
diurnal tide regime (Dietrich et al. 1980), both 
spring and neap tides being of unequal height.

The basic environmental conditions 
encountered during the sampling period were 
very close to the optimum values reported on 
the laboratory or shrimp hatching facilities, 
Yano et al. 1988, Ogle 1991, Robertson et al. 
1991. The narrow temperature and salinity 
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variations observed near the bottom, were due 
to the tidal oscillation which has an increasingly 
noticeable effect the nearer the coast. Oxygen 
values remained fairly constant, at an optimum 
level as it was near the saturation value of 4.49 
mg/l at a temperature of 28 °C and a salinity of 
34.5 ‰ (Green and Carritt 1967).

Temperature and salinity

Temperature and salinity profiles showed 
some variation during the sampling period, 
particularly the former (figure 2, A - D). In 
all cases, both parameters were higher at the 
surface than at the bottom (ca. 25 m). During 
the first sampling interval (2A), temperature 
showed very little variation through the water 
column with the lowest value at the bottom 
(29.5 °C). Likewise, salinity changed very 
little (34.80 and 34.75 ‰ at surface and bot-
tom, respectively). This sampling was made 
near the end of the ebb tide. During the second 
sampling period (2B) both parameters showed 
slight changes in relation to the previous one. 
Salinity varied from 34.59 to 34.41 ‰ at sur-
face and bottom, respectively. Temperature 
showed a higher range, from 30.1 to 27.5 
°C at surface and bottom, respectively. This 
sampling took place during the second half 
of the flood. The third sampling period (2C), 
produced more pronounced variation in both 
parameters. Temperature ranged between 29.8 

and 27.5 °C at surface and 
bottom while salinity varied 
between 34.59 and 34.42 ‰ 
likewise. This sampling was 
taken about mid ebb tide. 
Finally, the fourth sampling 
(2D), showed the highest 
variation of all in tempera-
ture which ranged from 29.9 
to 25.9 ºC at surface and 
bottom while the variation in 
salinity was the same as that 
of the previous sampling, i.e., 
between 34.59 and 34.42 ‰. 
This sample was taken during 
the first half of the flood.

Oxygen

Dissolved oxygen 
showed very little variation 
throughout the water column 
and the sampling periods as 
the profiles indicate (Fig. 3 

Fig. 1. Tidal variation during the sampling period. Arrows 
indicate the times when sampling took place.
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Fig. 2 (A-D).- Temperature and salinity profiles during the sampling period; A, 
15:00 hr; B, 19:00 hr; C, 01:33 hr; and D, 07:10 hr.
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A - D). In all cases, dissolved oxygen values 
ranged between 4.4 and 4.6 mg/l. 

Sex ratio and size differences

The total number of shrimps per sampling 
is given in Table 1. The female/male ratio was, 
in every case different from the 1:1 ratio adopt-
ed by most shrimp maturation laboratories 
(Aquacop 1983, Wyban et al. 1987; Yano et 
al. 1988, Ogle 1991). The highest ratio (1:2.8) 
occurred during the second sampling, between 
19:02 and 20:02 hr while the lowest (1:0.5) 
was observed during the third period, between 
01:33 – 2:33 hr The closest to the 1:1 ratios 
were the first and the fourth sampling periods 
(1:1.5 between 15:05 – 16:05 hr, and 1:1.3, 
between 07:10 – 08:10 hr, respectively.

Figure 4 shows that female mean C.L. 
size was consistently bigger than that of males 
throughout the sampling period (t = 18.01 > 
t05 (2) 300 = 1.968), it also shows that during the 
second sampling, the mean C.L. size of the 
few females was remarkably lower than that of 
the three other samplings, but because of the 
high standard error for that sampling (1.295 
compared to 0.3408, 0.4883 and 0.3202 of A, 
C and D, respectively) which was due, basi-
cally, to the low number of specimens (11), it 
could not be proved that there was a significant 

TABLE 1
Sex proportion and mean weight of L. vannamei shrimp caught during the 24 hr sampling period

Time of Day 
(hr)

Sex
No.

(Indiv.)   
F:M

Weight
(g)

S.D. Min. Max.

15:00 F 65 1:1.5 49.6 8.2 37.3 77.4

M 100 38.3 5.4 30.8 62.8

19:00 F 11 1:2.8 38.7 9.3 16.1 51.9

M 31 38.0 2.6 33.7 41.9

01:00 F 42 1:0.5 48.2 7.4 25.6 63.7

M 21 40.3 3.2 34.9 47.5

07:00 F 61 1:1.2 48.8 5.9 36.6 64.2

M 74 40.0 4.3 28.6 50.5

Total F 179 1:1.3 48.2 7.9 16.1 77.4

M 226 39.1 4.6 28.73 62.75

Fig. 3 (A-D).- Oxygen variation during the 24 hr sampling 
period on the water column. Sampling times of A through 
D as in Fig. 2.
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difference in size among sampling periods at 
the 95% confidence level. Males, on the other 
hand showed a rather uniform C.L. mean size. 

Size distribution and gonad development 
of patched and non-patched females

Figure 5 (A-D) shows the size distribu-
tion of patched and non-patched females 
caught during the same 24 hr sampling period. 

46.8 mm of C.L., mean 40.6. The latter group, 
the non-patched females, presented a slightly 
wider size range (33.3 to 46.7 mm C.L.), mean 
38.9, and most of the ovarian development 
stages were present within it, although stages 
III, IV and V were dominant. 

Sampling B 

I was taken around 19:00 hr produced very 
few females (14) and none of them were patched. 
All development stages were present, again 
dominated by stages III, IV, and V. Size ranged 
from 25 to 40.6 mm, mean 36.0 mm C.L. 

Sampling C 

It was taken around 01:00 hr, produced 
39 females of which only 4 were patched and 
the prevailing ovarian development stage was 
V (spent), including the 4 patched ones which 
fell within a 30.0 to 40.3 mm range, and a mean 
37.11 mm C.L., whereas the non-patched group 
fell within the 29.5 to 42.7 mm range, with a 
mean of 38.49 mm C.L. 

Size ranged from 25.3 to 46.8 
mm of C.L. All the ovar-
ian development stages were 
present within this range 
although the prevalent stages 
were advanced, fully mature, 
and spawned.

Sampling A.

This sampling took place 
in the afternoon, around 15:00 
hr, it produced the highest 
number of females, 57, of 
which 14 were patched and 
43 non-patched. The former 
were mostly at the mature 
stage (IV); one advanced (III) 
and one spent (V). The size of 
this group ranged from 36.5 to 

Fig. 4. Comparison of mean C.L. size between male and 
female L. vannamei.
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Sampling D

It took place around 07:00 hr, produced 
43 females, 6 of which were patched, all with 
spent ovaries. Size range of these was 34.2 to 
38.2 mm and a mean of 37.5 mm C.L. Size 
range of non-patched females was 33.1 to 44.2 
mm and a mean of 38.7 mm C.L. More than 
half of the non-patched individuals (21) had 
spent ovaries. 

To test whether or not there was a sig-
nificant difference in the number of patched 
females throughout the sampling period, a 
Kolgomorov-Smirnov one-sample test (Zar, 
1974) was performed and it resulted in a 
significant difference D= 0.3587 > D23(05) = 
0.27490.

Size distribution of males with either 
ejected or retained spermatophores
 
The size distribution of males with ejected 

(ES) or retained (RS) spermatophores is shown 
in Fig. 6 (A - D) . The time for each sampling 
is the same as that of the females.

Sampling A

This sampling produced the highest num-
ber of individuals (71) as well as the highest 
proportion of males with ejected spermato-
phores (52%). The size of these individuals 
ranged from 31.1 to 38.4 mm C.L. with a mean 
of 33.9mm C.L.; the size of the 34 individuals 
with retained spermatophores ranged from 31.3 
to 40.0 mm, with a mean of 34.3 mm C.L.. 

Sampling B 

It produced a very small number of males 
(19), and there were only 2 individuals with 
ejected spermatophores (10.59%); their size 
ranged from 32.6 to 33.8 mm with a mean of 
33.2 mm C.L. 

Sampling C 

As in the previous case, it resulted in a low 
number of males (12 RS, and 7 ES). The former 
ranged from 33.1 to 36.9 mm with a mean of 
34.4 mm C.L. while the latter varied from 33.0 

to 36.14 mm and a mean of 
34.36 mm C.L. 

Sampling D

The final sampling pro-
duced a relatively high num-
ber of males (44 RS and 18 
ES). RS individuals ranged 
from 29.13 to 38.44 mm C.L. 
with a mean of 34.2 mm while 
the latter ranged from 31.9 to 
36.3 mm C.L. with a mean of 
34.0 mm. 

Again, as for the femlaes, 
to test whether or not there 
was a significant differ-
ence in the number of males 
with ejected spermatophores 
throughout the sampling peri-
od, a Kolgomorov-Smirnov 

Fig. 6. (A-D). size distribution of males with ejected (  ) (ES) and retained (  ) 
(RS) spermatophores. Times of A through D as in Fig. 2.
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one-sample test (Zar, 1974) was performed and 
it resulted in a significant difference D= 0.3281 
> D23(05) = 0.27490.

Proportion of sexually active 
females and males

The proportion of sexually active shrimps 
seems to be closely related throughout the 
sampling period as shown in Fig. 7 (A and B). 
The top figure (A) shows that the proportions 
of male shrimps without spermatophores are 
always higher than the females with attached 
spermatophores; i.e., sampling A, 52.0 vs. 24.5 
%; sampling B, 10.5 vs 0 % ; sampling C, 36.8 
vs. 10.5 % ; and sampling D, 29.0 vs. 13.9 %. 

However, if spent females (stage V ovaries) 
are taken into consideration, the proportions 
change; i.e., A, 50.7 vs. 30.5 %; B, 10.5 vs. 
21.4 %, C, 36.8 vs. 35.8; and D, 29.0 vs. 43.4, 
as shown in figure 7 (B).

DISCUSSION 

Even though the conditions under which 
mating took place could not be established 
precisely, as they varied throughout the sam-
pling period because of the tidal currents, and 
the specimens may have copulated anytime 
between two hours and a few minutes before 
they were caught, as reported by Yano et al. 
1988, it is clear though that the range of the 
parameters differ very slightly from those 
employed in the maturing and hatching facili-
ties, Yano et al. 1988, Ogle 1991, Robertson et 
al. 1991, which may indicate that when tem-
perature, salinity and oxygen fall within those 
ranges in the ocean one can expect mating to 
take place in L. vannamei. 

The different female:male ratios found at 
different times of the sampling period were 
probably the result of the small number of 
specimens in the samples; the differences were 
higher when the number of individuals was 
lower. Conversely, when the number of animals 
in the sample increased, the ratio decreased, 
therefore, it might be possible that if a large 
sample is taken, the proportion should approxi-
mate the 1:1 ratio although it is not always easy 
to determine whether this ratio is necessarily 
the expected one (Wenner, 1972).

In relation to the male-female size that was 
significantly different, this sexual dimorphism 
has already been mentioned by different authors, 
Perez-Farfante, 1988, mentions a maximum 
total length of 187 mm in males and 230 mm 
in females, while Hendrickx (1996) reports 227 
and 178 mm of total length for females and 
males, respectively.

The size of females engaged in mating, 
ranged from 35 to 48 mm C.L., below that 
range, the main ovarian stage was immature, 
although with these limited results, it is not 

Fig. 7. (A-B).- Proportion of sexually active male and 
female L. vannamei individuals. In A, only females with 
attached spermatophores are considered; in B, females with 
attached spermatophores plus those with spent ovaries are 
taken into account.
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possible to assert that this is the minimum 
mating size, thus, a more comprehensive study 
is needed to establish this fact. The size of 
active males was lower than that, very likely, 
it included the whole size range (29 to 39 mm 
C.L.) observed in this study and presumibly 
even lower as Rendon Rodriguez (1996) reports 
viable spermatozoa in smaller individuals.

Yano et al. 1988 reported that the sper-
matophore implantation in females was only 
successful in mature females. This study, how-
ever, shows that although most implantations 
did take place on females with ripe ovaries, 
there was one case in which the spermatophore 
was attached to a female with a stage III ovary. 
That probably may be due to the difference 
in behavior between confined and free living 
individuals as the former may be capable on 
focusing on the right mating partner whereas in 
the latter the potential partners are manifold.

With regards to the comparison of females 
and males engaged in copulation, if only the 
females with attached spermatophores are 
taken into account, there will be an under-
estimation of active females during mating 
events, therefore, checking the female gonads 
besides the presence of spermatophores on the 
thelycum, is not a trivial matter. Thus, the pro-
portions depicted on the lower Figure 7 would 
seem to be more appropriate since it would be 
reasonable to assume that spent females have 
copulated recently, Yano et al. 1988 report that 
females spawn two hours after copulation and 
very shortly after that event, the attached sper-
matophore is shed. 

Once the females spawn shortly after mat-
ing, the larvae hatch and during a few weeks 
they undergo a series of developmental stages 
from nauplius up to the stage of postlarva, when 
they enter estuarine waters or coastal lagoons 
(Pearson, 1939). If one examines the abundance 
of postlarval L. vannamei throughout the sum-
mer months in coastal areas (Mair et al., 1982, 
Poli and Calderon-Perez, 1986, Solis-Ibarra et 
al., 1993) mating and spawning episodes must 
take place repeatedly along the tropical Eastern 
Pacific coast. Poli and Calderon, (1985) argue 
that Litopenaeus species enter these water 

bodies more successfully just before the onset 
of the rainy season as the tidal currents are 
not hindered by the strong continental runoff, 
thus the postlarval recruitment resulting from 
successful mating and ensuing spawning in the 
months of June and July is crucial for these 
penaeids to settle in these areas, otherwise the 
postlarvae will remain at sea where conditions 
are not as advantageous. It would be interesting 
to find out, though, whether this phenomenon 
occurs randomly or if the proximity of a coastal 
lagoon where postlarvae find optimal condi-
tions to grow rapidly, influences significantly 
the sites where mating and spawning take 
place, although the physical factors examined 
in this study, mainly salinity, do not provide 
any evidence that there is a clear influence of 
estuarine water. There might be, however, other 
differences that shrimps are capable of detect-
ing, tannins, for example, or any other chemical 
clues typical of continental waters, as suggest-
ed by Mair et al., (1982). Finally, from obser-
vations in captivity, it is generally accepted that 
mating in L. vannamei takes place just before 
and after darkness, Yano et al. (1988) Ogle 
(1991), the results of this study do not support 
that assertion since the highest proportion of 
mating individuals was caught around 15:00 hr, 
thus if we take the 2 hr lapse reported by Yano 
et al. (1988) as a maximum backward limit, it 
would mean that mating takes place at or just 
after the most illuminated time of the day. Here 
again, it may have been due to the difference 
in milieu conditions. Since this sampling took 
place during the new moon phase, it is possible 
that visibility conditions during the night were 
inadequate for the partners to find each other so 
they had to perform the act during the daytime 
hours. It is clear that more studies are needed 
to solve this and many other questions that still 
remain to be answered in relation to this topic.
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RESUMEN

Estudiamos el apareamiento del camarón Litopenaeus 
vannamei . La mayoría de las hembras con espermatóforos 
fueron capturadas durante el día y estaban en las etapas 
IV y V de desarrollo ovárico (longitud 30 – 50 mm. Los 
machos apareados midieron entre 30 y 40 mm. La propor-
ción sexual varió pero nunca fue 1:1. Las hembras siempre 
fueron más grandes que los machos. Durante el muestreo, 
la salinidad y el oxígeno variaron poco. La temperatura 
varió más y atribuimos estos cambios a las mareas.

Palabras clave: Litopenaeus vannamei, ciclo diario de 
reproducción, condiciones de apareamiento, Golfo de 
California.
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